Introduction {#sec1}
============

The prevalence of refractive astigmatism (RA) defined as a cylinder refractive error more than 1.0 diopter (D) is between 14.9% and 34.4% globally[@bib1], [@bib2] and 11.1%[@bib3] in Iran. Population-based studies in Iran have also shown considerable frequency distributions of corneal astigmatism greater than 1.0 D.[@bib4] Moderate to high astigmatism has always been a challenge in refractive surgery for various reasons, including difficulties in determining the amount and axis of astigmatism, proper centration of the surgical ablation profile, incorporating astigmatism in surgical nomograms,[@bib5], [@bib6], [@bib7] and more chance of postoperative haze formation after photorefractive keratectomy (PRK) compared to laser-assisted in situ keratomileusis (LASIK), which may lead to regression of astigmatism in the long-term.

Several studies have shown the safety and efficacy of different types of refractive surgeries such as LASIK and PRK in the correction of myopia or hyperopia with low to moderate astigmatism.[@bib8], [@bib9], [@bib10] Katz et al.[@bib11] have compared the 6-month results of LASIK and PRK for the correction of astigmatism greater than 3.0 D and concluded that both procedures have similar safety (1.01 ± 0.17 vs. 1.10 ± 0.26), efficacy (0.74 ± 0.19 vs. 0.76 ± 0.32), and predictability (67% vs. 65% within ±0.5 D), respectively. In the present study, 2-year results of femtosecond laser assisted LASIK (femto-LASIK) and PRK in the correction of astigmatism greater than 2.0 D are compared in cases with low spherical error. Patients with minimum spherical error were selected for the study to minimize the influence of spherical correction on astigmatic correction and allow for better evaluation of the results with astigmatic correction. In other words, this study aims to answer two main questions: 1) Do two-year results with femto-LASIK and PRK procedures differ in terms of residual astigmatism? and 2) How does the amount of baseline astigmatism affect the difference between the two procedures in terms of residual astigmatism?

Methods {#sec2}
=======

This study was done retrospectively by reviewing the charts of different severity of astigmatism who underwent femto-LASIK or PRK at Noor Eye Hospital. The Noor Review Board approved this study, and anonymous data were extracted from the medical records.

Inclusion criteria for this study were a minimum age of 20 years, spherical component less than 2.00 D, and cylindrical component more than 2.00 D. Patients with a history of ocular pathology or any ocular surgery were excluded from the study. The two groups were matched by age, gender, uncorrected distance visual acuity (UDVA), and RA.

From each chart, we extracted the preoperative and the 1- and 2-year postoperative vision and refraction data. Visual acuity was tested using the Snellen chart, and recorded variables included UDVA and corrected distance visual acuity (CDVA). Refraction was first determined using the Topcon KR-8800 auto-refractometer (Topcon, Tokyo, Japan) and then refined through retinoscopy (HEINE BETA 200, Germany).

In the PRK group, the epithelium of the anesthetized (proparacaine hydrochloride 0.5%) cornea was scraped mechanically without the use of alcohol. Ablation was performed using the WaveLight Allegretto EX500 (Alcon, TX, US) excimer laser with a 6.5 mm ablation zone and 1.25 mm blend zone. Mitomycin C (MMC) was used in all cases. A sponge soaked in MMC 0.02% was applied to the ablated cornea for 10 s per diopter correction. After rinsing with 30 cc sterile solution balanced salt solution, a bandage contact lens (Air Optix, Ciba vision) was placed over the treated cornea. The postoperative prescription included betamethasone 0.1% four times a day, levofloxacin eye drops 5 mg/ml four times daily, and artificial tears (Hypromellose, preservative free) as needed. Daily examinations continued until complete epithelial healing was observed. After reepithelialization, the lens is removed, and levofloxacin was discontinued, but betamethasone and artificial tear drops continued for another two weeks. Afterwards, fluorometholone 0.1% drop was prescribed to be tapered over a course of 3 months.

In the femto-LASIK group, after applying topical anesthesia as in the procedure above, a 110 μm superior hinged flap was created using the Femto LDV (Ziemer Ophthalmic Systems AG, Port, Switzerland) femtosecond laser platform. The flap diameter was 9--10 mm depending on keratometry. After lifting the flap, ablation was performed using the WaveLight Allegretto EX500 (Alcon, TX, USA). The selected optical zone was 6.5 mm with a blend zone of 1.25 mm. The postoperative regimen included chloramphenicol 0.5% every 6 h for 3 days and betamethasone 0.1% every 6 h for 7 days.

Analyses were done in two parts. First, we compared mean residual astigmatism, UDVA, CDVA, frequency of residual astigmatism greater than 0.5 D and 1.0 D, UDVA ≥ 20/25, and CDVA ≥ 20/25 between the two treatment groups. Then we categorized astigmatism into three subgroups of mild: 2.00 to \<3.00 D, moderate: 3.00 to \<4.00 D, and severe: ≥4.00 D and repeated the comparisons in each subgroup.

Statistical analyses were performed using independent sample *t*-test and the chi-square test. In subgroups, the changes of astigmatism from first to second year were compared between groups by repeated measures analysis of variance. The level of significance was set at 0.05.

Results {#sec3}
=======

One hundred patients were enrolled in each group. The preoperative spherical and cylindrical errors were −0.25 ± 1.07 (−2.00 to 2.00) D and −3.22 ± 0.94 (−7.00 to −2.00) D. The mean age of the patients in the two groups of femto-LASIK and PRK was 27.52 ± 6.23 and 26.19 ± 5.89 years, respectively (*P* = 0.514), and the mean preoperative cylinder error was −3.15 ± 0.94 D (−7.00 to −2.00 D) and −3.29 ± 0.95 D (−6.25 to −2.00 D), respectively (*P* = 0.284). By the end of the two-year follow-up, no case of ectasia had been observed.

In the femto-LASIK and PRK groups, the mean amounts of preoperative cylinder error were −2.39 ± 0.30 D and −2.43 ± 0.26 D (*P* = 0.630) in the mild astigmatism group, −3.25 ± 0.21 D and −3.34 ± 0.23 D (*P* = 0.221) in the moderate group, and −5.29 ± 1.10 D and −4.41 ± 0.42 D (*P* = 0.109) in the severe astigmatism group, respectively.

Comparison between femto-LASIK and PRK {#sec3.1}
--------------------------------------

At one year after surgery, mean cylinder error in the femto-LASIK and PRK groups was −0.61 ± 0.40 D and −0.62 ± 0.60 D, respectively, and the difference between the two groups was not statistically significant (*P* = 0.674). At 2 years after surgery, mean cylindrical error in the femto-LASIK group (−0.61 ± 0.39 D) was significantly lower than the PRK group (−0.83 ± 0.56 D) (*P* = 0.021). At 2 years, the prevalence of cases with residual astigmatism greater than 0.5 D was significantly higher in the PRK group (58.8%) than the femto-LASIK group (39.6%) (*P* = 0.043). Also, the percentage of cases with residual astigmatism greater than 1.0 D was significantly higher in the PRK group (19.6%) than the femto-LASIK group (6.3%) (*P* = 0.046).

Changes of UDVA and CDVA are presented in [Table 1](#tbl1){ref-type="table"}. At one year after surgery, mean UDVA was 0.06 ± 0.09 logMAR and 0.03 ± 0.06 logMAR in the femto-LASIK and PRK groups, respectively (*P* = 0.119). But at 2 years, UDVA results were better in the femto-LASIK group than the PRK group (0.02 ± 0.05 logMAR vs. 0.06 ± 0.10 logMAR, *P* = 0.025).Table 1Comparison of uncorrected distance visual acuity (UDVA) and corrected distance visual acuity (CDVA) between femtosecond laser assisted LASIK (femto-LASIK) and photorefractive keratectomy (PRK) in astigmatism \> 2.00 D.Table 1PreoperativeAt 1 yearAt 2 yearsUDVA (logMAR)Femto-LASIK0.48 ± 0.230.06 ± 0.090.05 ± 0.01PRK0.48 ± 0.240.03 ± 0.060.10 ± 0.01CDVA (logMAR)Femto-LASIK0.03 ± 0.080.03 ± 0.070.01 ± 0.03PRK0.03 ± 0.070.01 ± 0.030.01 ± 0.04[^1]

At 1 year, mean CDVA was 0.03 ± 0.07 logMAR and 0.01 ± 0.03 logMAR in the femto-LASIK and PRK groups, respectively (*P* = 0.093). At 2 years, mean CDVA in the femto-LASIK group (0.01 ± 0.03 logMAR) was similar to PRK group (0.01 ± 0.04 logMAR) (*P* = 0.714).

In the second year, 95.8% in the femto-LASIK group versus 80.4% in the PRK group had a UDVA of 20/25 or better (*P* = 0.019). Also, 97.9% in the femto-LASIK group versus 94.1% in the PRK group had 20/25 or better CDVA (*P* = 0.618) ([Fig. 1](#fig1){ref-type="fig"}). Improved CDVA was observed in 25.5% in the femto-LASIK group and 19.8% in the PRK groups, while the percentage of patients with decreased CVDA was 1.0% versus 5.3% in these two groups, respectively (*P* = 0.125).Fig. 1Two-year efficacy with the femtosecond laser assisted LASIK (femto-LASIK) (top) and photorefractive keratectomy-Mitomycin C (PRK-MMC) (bottom) groups in the treatment of cases with high astigmatism.Fig. 1

Comparison based on level of baseline astigmatism {#sec3.2}
-------------------------------------------------

As presented in [Table 2](#tbl2){ref-type="table"}, there were no significant differences between the two groups in terms of mean residual astigmatism in the first and second years after surgery at different levels of baseline astigmatism (all *P* \> 0.05). However, in subgroups with ≥4.00 D cylinder, there was less astigmatic regression at 1 year in the femto-LASIK group (0.28 ± 0.43 D) than the PRK group (0.54 ± 0.68 D) (*P* = 0.007).Table 2Comparison of one-year and two-year results between the two methods of femtosecond laser assisted LASIK (femto-LASIK) and photorefractive keratectomy (PRK) in terms of astigmatism correction at different levels of baseline astigmatism.Table 2Baseline astigmatism (diopter)Refractive astigmatism*P*-valueFemto-LASIK groupPRK-MMC groupAt 1 year2.00 to \<3.00−0.43 ± 0.27−0.44 ± 0.410.9763.00 to \<4.00−0.67 ± 0.45−0.82 ± 0.770.476≥4.00−0.80 ± 0.40−0.78 ± 0.650.943Total−0.61 ± 0.40−0.62 ± 0.600.674At 2 years2.00 to \<3.00−0.46 ± 0.33−0.62 ± 0.410.1763.00 to \<4.00−0.68 ± 0.24−0.75 ± 0.440.592≥4.00−1.08 ± 0.52−1.32 ± 0.710.488Total−0.61 ± 0.39−0.83 ± 0.560.021[^2]

In the femto-LASIK group, mean residual astigmatism in those with mild astigmatism was lower than those with severe astigmatism with marginal significance (*P* = 0.066) at one year after surgery. This difference was not significant in the PRK group (*P* = 0.099). In the second year after surgery, mean residual astigmatism showed an increase at higher levels of baseline astigmatism in femto-LASIK patients (all *P* \< 0.05). In PRK patients, mean residual astigmatism in those with severe astigmatism was greater than the moderate group (*P* = 0.011) and the mild astigmatic group (*P* = 0.004) ([Table 2](#tbl2){ref-type="table"}).

As illustrated in [Fig. 2](#fig2){ref-type="fig"}, in the mild astigmatic group, 100% of femto-LASIK patients versus 80% of PRK patients had 20/25 or better UDVA (*P* = 0.040) at 2 years after surgery; the inter-group difference was not significant in other levels of astigmatism (all *P* \> 0.05). The rate of 20/25 or better CVDA did not differ between the two methods of surgery at the three levels of the astigmatism (all *P* \> 0.05).Fig. 2Frequency distribution of uncorrected distance visual acuity (UDVA) in different levels of baseline astigmatism at 1 year (top) and two years (bottom) after femtosecond laser assisted LASIK (femto-LASIK) and photorefractive keratectomy-Mitomycin C (PRK-MMC) for the treatment of cases with high astigmatism.Fig. 2

Discussion {#sec4}
==========

Studies have compared results of LASIK and PRK in the treatment of astigmatism less than 2.00 D, and they have shown that although femto-LASIK is preferable based on short-term outcomes, the two methods have comparable safety and efficacy in the long-term.[@bib8], [@bib12], [@bib13] Nonetheless, high astigmatic cases which are quite a challenge in refractive surgery have been studied less. In a 6-month study of non-wavefront-guided LASIK results, Arbelaez et al.[@bib14] reported desirable efficacy for this method in the correction of 2.00--4.75 D astigmatism. Katz et al.[@bib11] compared six-month results with conventional LASIK and PRK for the correction of 3.25--5.75 D astigmatism and showed that the methods have similar efficacy. In the present matched comparative study, the 2-year results of femto-LASIK and PRK were compared in the treatment of cases with moderate to high astigmatism (2.00--7.00 D). Results of the two surgical methods were also compared at different levels of baseline astigmatism.

The results of present study showed that although there were no differences between the two procedures in terms of mean residual astigmatism at one year after surgery, femto-LASIK had better results compared to PRK by the second year when the rate of residual astigmatism \>1.0 D was 6.3% with femto-LASIK and 19.6% in the PRK group. Our one-year results with femto-LASIK were quite close to the studies by Igarashi et al.[@bib15] and Hasegawa et al.[@bib16] who reported favorable one-year results with LASIK in cases of moderate to high astigmatism. Katz et al.[@bib11] reported similar predictability rates for femto-LASIK and PRK in their 6-month study of cases with astigmatism greater than 3.0 D. We found no inter-method difference in residual astigmatism at one year, but due to regression in PRK, second year results were in favor of femto-LASIK. This could be attributed to epithelial hyperplasia which occur in a meridional pattern and is more common after PRK than femto-LASIK.

Our study also showed that residual astigmatism increases at higher levels of baseline astigmatism with both femto-LASIK and PRK. The inter-group difference at different levels of baseline astigmatism was not statistically significant which could be due to the small sample size of the subgroup with high levels of astigmatism. From a clinical point of view, however, it should be noted that among cases with severe astigmatism, mean astigmatism in the femto-LASIK group was 0.88 D higher than the PRK group at baseline and 0.24 D less than the PRK group at 2 years, and thus, the amount of astigmatism correction was greater in patients treated with femto-LASIK. In other words, in cases with 4.0 D or more astigmatism, femto-LASIK was associated with better results and can be the preferred modality compared to PRK.

Overall, in the present study, UDVA in the PRK group had better results compared to femto-LASIK at one year when 92.0% in this groups achieved 20/25 or better UDVA versus 78.2% in the femto-LASIK group. These results were better compared to the 6-month study by Katz et al.[@bib11] who reported a UDVA of 20/40 or better in 77.2% of their PRK cases versus 91.2% with LASIK. However, results changed over the second year after surgery and were eventually better with femto-LASIK than PRK. This may be due to astigmatism stability in the femto-LASIK group and regression in the PRK group. In other words, while residual astigmatism remained unchanged during the second postoperative year in the femto-LASIK group (0.61 D vs. 0.61 D), this rate increased in the PRK group (0.62 D vs. 0.83 D). As a limitation of this study, its retrospective nature might have lead to increased selection bias because only those with complete follow-up exams were included.

In terms of CDVA, no difference was observed between the two surgical groups. Analysis in different levels of baseline astigmatism showed that CDVA is not influenced by this variable. Despite a different follow-up time, Katz et al.[@bib11] reported a similar safety index with us.

In conclusion, in the treatment of astigmatism, although there is more residual astigmatism at higher levels of correction, femto-LASIK offers better efficacy than PRK in the mid-term. Femto-LASIK is also the preferred method in terms of improving UDVA.
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[^1]: UDVA: Uncorrected distance visual acuity, CDVA: Corrected distance visual acuity, Femto-LASIK: Femtosecond laser assisted LASIK, PRK: Photorefractive keratectomy.

[^2]: Femto-LASIK: Femtosecond laser assisted LASIK, PRK: Photorefractive keratectomy.
